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Workshop title 
1. Workshop Background 
The annual harvest of banana and plantain (Musa spp.) is approximately 145 million tons (t) across the 
120 countries where they are grown. About 85% of this global production comes from small plots and 
backyard gardens in the developing world, and only 15% goes to the export trade. The highest 
consumption rates are recorded in the East African Highlands where one-third of the population 
depends on cooking bananas and beer bananas. West and Central Africa contribute nearly 50% of global 
plantain production, an output consumed by 70 million people. There were over 10 million hectares (ha) 
of bananas and plantains in 2011, generating an average fruit yield of 13.6 t ha-1 (see Ortiz & Swennen 
20131).   
The major challenges for Musa breeding include generating hybrids combining host plant resistance 
to pathogens and pests, short growth cycles and height, high fruit yield, parthenocarpy, orange fleshed 
fruits rich in provitamin A and consumer desired quality. The success of Musa crossbreeding depends on 
the production of true hybrid seeds in a crop known for its high levels of female and male sterility, 
particularly among polyploid cultivars. Musa improvement goals also need to address emerging threats 
associated with climate change.  
Banana and plantain rank among the 12 most important staples and feed millions of people 
worldwide, but there are fewer than 10 active Musa cross-breeding programs globally: in Brazil, 
Cameroon, Côte d’Ivoire, Guadeloupe, Honduras, India, Nigeria, Tanzania and Uganda. After almost a 
century of Musa crossbreeding, smallholders grow just a few bred cultivars of banana and plantain in a 
few countries across the developing world, while farmer-selected cultivars and their somatic mutations 
continue to dominate production in most areas. 
This workshop was co-organized by CARBAP (Centre Africain de Recherches sur Bananiers et 
Plantains) and IITA (International Institute of Tropical Agriculture) as an explicit attempt to bring 
together the leading Musa research and breeding programs from across the world to brainstorm with 
experts from allied crops and disciplines in order to conceptualize a collective strategy for enhancing 
cross-breeding of bananas and plantains for Africa. This initiative forms part of the CGIAR Research 
Program on Roots, Tubers and Bananas (RTB). We thank the Bill & Melinda Gates Foundation for co-
funding this event. We thank CARBAP and IITA for co-hosting the event, and Bioversity International for 
co-organizing with IITA the workshop program and speakers as well as the global breeding survey, which 
provided an important input for this workshop. 
2. Workshop Objectives 
In spite of recent advances, the pace of genetic improvement of Musa via crossbreeding may be 
significantly accelerated if existing breeding programmes can work together, and if the Musa community 
can use more innovative cell and molecular biology tools that are already applied in other crops. Thus, 
the objectives of the workshop were: 
1 Ortiz, R. and R. Swennen.  2013.  From crossbreeding to biotechnology-facilitated banana and plantain 
improvement.  Biotechnology Advances dx.doi.org/10.1016/j.biotechadv.2013.09.010 
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• to establish a consensus opinion on the long-term strategy (and key priorities) for “accelerated” 
banana and plantain crossbreeding focused on outputs for Africa that would also have 
relevance for other regions.  
• to define the respective roles of various interested parties, and  
• to establish the framework for a concept note (focusing on breeding plantain-like hybrid 
cultivars) that will be shared with the donor community very soon. A primary goal for this 
concept note is to revive plantain breeding in West Africa, through CGIAR/IITA cooperating 
closely with national and regional partners plus Bioversity International in the framework of RTB. 
The primary purpose of the program to be developed in the concept note will be to address the 
challenges faced by small-scale growers and respond to consumer demands. This requires 
breeding systems that provide faster delivery of new hybrids with enhanced quality traits. There 
is also an urgent need to build breeding strategies that deal with the threat of Banana Streak 
Badnavirus (BSV), which will require increased research attention on active and non-active BSV 
integrants by virologists, molecular biologists and Musa breeders. 
Plantains are important in parts of Asia as well as Latin America and the Caribbean, and thus 
renewed efforts to breed African plantains should have spillover impacts on these other continents. This 
potential is an important pillar for the emerging proposal, providing mutual benefit for involvement of 
RTB partners like CIAT and CIRAD,  other partners such as EMBRAPA and FHIA, as well as the emerging 
programs in India (through ICAR), China (through CAAS) and elsewhere in Asia. 
There is an increasing need for germplasm that combines resistance to a range of biotic stresses 
including Black Sigatoka, nematodes, weevils, Fusarium, Banana Bunchy Top Virus (BBTV) and banana 
Xanthomonas wilt (BXW). Similarly, the Musa breeding community must prepare for the inevitable 
increase in demand for abiotic stress tolerances, which are likely to become more prevalent through 
climate change – especially drought and flooding. 
3. Methodology 
RTB provided a grant to IITA and Bioversity International in 2012 to develop with partners a proposal for 
breeding bananas and plantains with desired resistance, agronomic and consumer-preferred traits. The 
process to organize the workshop was somewhat delayed pending the recruitment of a new banana 
breeder at IITA. In October 2013 a workshop could be hold, with co-funding provided by BMGF. This 
significantly increased the potential of the workshop to deliver upon its primary goal of developing a 
shared vision on the future of banana and plantain breeding for Africa. 
Deliberations during the workshop were framed by conclusions from a survey of current Musa 
breeding efforts generated from responses to a questionnaire and a literature study carried out and 
synthesized prior to the workshop. The major issues covered by this survey included the following areas 
(see Ortiz et al. 20132 for further details): 
 
2 Ortiz R., S. Araujo de Lima, N. Roux, I. Van den Bergh & R. Swennen. 2013. Beyond the State of the Art: A global 
survey tells who are who, what, where and how they do. International Institute of Tropical Agriculture, Ibadan, 
Nigeria – Bioversity International, Montpellier, France.  21 pp. 
2 
 
                                                          
 
 
M U L T I - C E N T E R  P L A N N I N G  O N  B A N A N A  /  P L A N T A I N  I M P R O V E M E N T  
 
• Physical scale, nature of infrastructure and staffing capacity of research and breeding facilities 
• Nature of research and breeding methods, including genomics and transgenics activities  
• Scale and nature of breeding outputs, genebank resources, tissue culture facilities and selection 
trials  
• Current breeding system focus and target traits, and priorities for a regional or global Musa 
breeding program 
• Scale of germplasm exchange and farmer adoption rates 
 
The Musa community has developed several strategies of global relevance or of importance for Africa. 
These include the International Musa Testing Programme (2001), the Global Conservation Strategy for 
Musa (Banana and Plantain) (INIBAP 2006), Strategy Elements to Transform the Banana Sector in Africa 
(IITA and Bioversity International 2008), and Effective Use of Genetic Diversity for Addressing Emerging 
Challenges in Banana and Plantain Breeding (Bioversity International, MusaNet and Global Crop Diversity 
Trust, 2012). While some of these strategies have relevance for breeding (such as varietal testing and 
germplasm collection and conservation), none are specifically dealing with Musa breeding, breeding 
tools and collaboration among breeding programmes within a joint strategy. Thus, this workshop and 
resultant concept note was tasked to fill that gap.  
Earlier in 2013, discussions were held on methodologies for multi-locational evaluation (genotype × 
environment interaction) and for participatory selection (March 2013, IITA, Bioversity International). 
Similarly, the outputs from the global priority setting process (developed through a RTB Global Musa 
Expert Workshop in Kampala in June 2013 and a prior survey of over 500 scientists in over 50 countries) 
provided an important starting point on priority traits, breeding strategies and key partners. 
Preparations for the workshop included the development of an internal tabulated paper based on a 
global survey of the capacity and current activities of the global Musa community (Ortiz et al., 2013) and 
a review of the state-of-the-art of plantain and banana breeding (Ortiz & Swennen, 2013). These were 
developed to provide a better understanding of ongoing Musa breeding efforts, and what will be needed 
to bring advanced hybrids to cultivar release in target countries. Some of the generic target questions 
included: 
• When was the breeding programme initiated and has it operated continuously since that 
time? 
• What is the current collaboration between breeding programmes? 
• How many years, on average, does it take to develop and deliver a new hybrid? 
• How many farmers are now benefitting from new hybrids? 
• What are the main constraints to future improvement? 
 
The workshop brought together representatives from major existing Musa research and breeding 
programmes in Belgium, Brazil, Cameroon, Caribbean, China, France, Guadeloupe, Ireland, Kenya, 
Nigeria, Tanzania, Uganda and the USA. In addition, specialists with proven impact on the breeding of 
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other food crops and related research (mainly from Colombia, Kenya, The Netherlands, United Kingdom 
and the USA) shared their experience in the following areas: 
• Large-scale genome data management and analysis 
• Molecular breeding and transformation of fruit crops in Europe 
• Cassava genomics and molecular breeding  
• Genomic analysis of complex traits in maize 
• Functional genomics of fruit characteristics 
• Systems biology of abiotic stress tolerance 
 
There were also representatives from the development investor community (BMGF and DGD-Belgium), 
while several others who were unable to attend indicated their interest to receive a summary of the 
workshop and the ensuing concept note.  
The workshop was scheduled over three days plus an optional field excursion on the fourth day. The 
morning of the first day focused on plenary presentations from key individuals providing a contextual 
framework for the entire workshop:  
• Outcomes from a global workshop in the context of the RTB priority assessment: including focus 
areas of RTB, global trait priorities, focus types of Musa and details of supply and demand 
elasticities, cost-benefit analyses, and durations to peak adoption. 
• Structure of RTB: including partner roles, RTB Product Portfolio by 7 disciplinary Themes, and 
description of the reductionist science-led approaches to new technology development. 
• Synthesis of research and breeding capacity surveys: including observation that despite 
substantial progress in genomics research, the application of molecular markers in Musa 
breeding is largely restricted to analysis of germplasm. 
• Overviews of breeding program activities and future priorities: summarized in table below. 
 
Program Priorities 
CARBAP, Cameroon Eradication of BSV from improved germplasm 
Durable black Sigatoka resistance and abiotic tolerance  
Quality traits for improved market acceptance of new hybrids 
CIRAD Generation of new hybrids with the full range of phenotypes irrespective of 
genome composition 
New informatics tools to enhance molecular breeding 
EMBRAPA High quality, low height and early flowering 
Strong roots and nematode resistance 
Salinity and drought tolerance 
NARO, Uganda Quality traits 
Improvement of diploids 
IITA Focus on plantain and Matooke 
Drought tolerance screening and virus indexing 
Genotyping-by-sequencing (GBS) of IITA hybrids 
Transformation of diploids for use in crossbreeding 
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This helped bring all participants to the same level of understanding regarding the current status of the 
global Musa research and breeding community. Copies of all presentations are available at the following 
address:    http://bit.ly/1lUYIS7  
During the afternoon of the first day, participants were split into four groups and tasked to discuss three 
overarching questions with respect to short, medium and long-term impacts: 
1. What is the main type of hybrid product that the global program should be focused on?  
 
2. Which breeding strategy offers the greatest potential for success and sustainable genetic gain, 
and should thus provide the backbone of the global program? 
3. How should the global program maximize synergy between partners?  
 
Each group comprised 10 to 12 members, with the composition pre-selected to maximize diversity 
across disciplines, organizations and geographies, including designation of the facilitator and the 
rapporteur for each group. The size of groups and the active facilitation ensured that everyone was able 
to express their opinions and share their experience. Since a major objective of this workshop was to 
develop a global breeding effort, it was considered essential to give participants ample opportunities for 
interactions. In this way we hoped to create an atmosphere of teamwork through which to stimulate 
future collaborations between programmes. This was an essential foundation for the next phase of 
jointly developing a proposal and resultant collaborative breeding initiative. 
The groups presented their conclusions in plenary where all participants had the opportunity to question 
and discuss each other’s conclusions. Key representatives from these groups and a cross-section of 
partners later convened to discuss the implications of these discussions. A one-page summary of 
conclusions from the afternoon sessions was circulated to all the key representatives to ensure good 
continuity of learning from the working groups. Based on issues raised in discussions during the first day, 
there seemed to be three broad areas of concerns, to which the key representatives group proposed the 
following solutions: 
Concern Response 
Several participants were 
uncomfortable with the concept 
of a product-focus 
This is an inevitable compromise to enable the development of a focused and 
credible proposal. However, partnership will be built across the community in a 
balanced ways in terms of respect, responsibilities and resources 
There were concerns over the 
process of allocation of activities 
and resources 
A statement of intent regarding the creation of a broad-based governance 
structure that would be reflected in the proposal writing committee 
Many participants were not at 
ease with the ‘global program’ 
concept, particularly in terms of 
it engulfing their entire agenda 
and identity   
Adjust the projection of the initiative to focus on Africa with dependencies (and 
in turn spill-over benefits) on research and breeding programs in other regions, 
with a strong message that the initiative was looking to create a backbone that 
increases the efficiency of a range of projects and proposals through optimizing 
overlaps and opportunities for synergy between individual programs 
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It was felt that the broader group needed to spend more time on these higher-level issues to build 
community-wide trust and to ensure adequate buy-in through the rest of the process. In particular, 
there was a need to reiterate and re-interrogate the proposed structure of the initiative. For this reason, 
the program for the afternoon of the second day was adjusted so that the working groups could 
continue to deliberate on high-level questions rather than drilling down into the next level of detail as 
originally envisaged (see bottom of next page for full details). 
The morning of the second day started with a review of Musa genome sequencing and the Global Musa 
Genomics Consortium before focusing on presentations from bioscience experts from other crops. 
Angélique D’Hont provided an overview of sequencing being carried out by CIRAD, BGI and other 
partners: an ‘A’ genome completed (by a consortium led by CIRAD) and ‘B’ genome reference ongoing 
(being carried out by BGI and KU Leuven independently). A common set of 500 to 1000 markers will be 
identified for use across global germplasm; selection will be defined collectively by all interested groups. 
Angélique highlighted the urgent need for new approaches to reduce population sizes in order to bridge 
the gap to application in breeding programs. Chris Town provided an overview of the Global Musa 
Genomics Consortium while Robert Miller described the use of a rice chip to identify drought tolerance 
analogues in Musa. 
Paul Fraser highlighted the role of tomato as a model for all fleshy fruits, for example, for studying fruit 
development and ripening. Gene networks are well defined for many genes, enabling researchers to 
trace influence pathways of target genes in tomato. Resources in tomato have already been linked to 
work in pepper. Paul acknowledged the invaluable support for this work from Syngenta through large-
scale GM-based validation of candidate genes. 
Olivier Gibert discussed consumer acceptability in terms of taste, flavour, texture, satiety, as well as 
processability, thermal stability, starch profile, shelf-life and stability of quality parameters. Katie Hyma 
highlighted the challenges of large-scale genomic data analysis and the need to have a dedicated 
bioinformatician to overcome context-specific problems when starting in a new crop. Katie also stressed 
the importance of creating an integrated community database as a crucial mechanism for sharing 
resources and ideas. The group was also cautioned not to assume GBS to be a solution to all problems 
but to evaluate its value on a case-by-case, trait-by-trait basis. 
Morag Ferguson described how the cassava genome was fully sequenced in 90 days and then assembled 
and annotated within a few months through a collaboration between Dow AgroSciences and the 
University of Arizona. Despite this dramatic progress, the generation of reliable phenotype data remains 
a major constraint to progress in developing trait-based markers. This can be overcome by centralized 
training around phenotyping Standard Operating Procedures (SOPs), which then enable powerful meta-
analyses to be carried out. The group was also reminded of the enormous challenge that the scale of 
GBS data presents. Morag also highlighted that many groups still fail to develop effective strategies for 
the development and deployment of products from these new technologies. Establishing end-users as 
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equal status members in the community and working hard to build strong connections to the field are 
essential elements of success in this area. 
Henk Schouten provided an engaging overview of paradoxes in the EU GM legislation and highlighted 
the vast experience available in other crops that can be highly useful for the Musa community. The 
group was also reminded of the essential need to define and cluster target environments for stratifying 
breeding goals. 
These presentations allowed participants to reflect on how advances in other crops might impact 
progress in Musa. This cross-fertilization of ideas was developed through plenary discussion sessions and 
used to stimulate ideas for the project proposal. Copies of all presentations are available at the following 
address:   http://bit.ly/1lUYIS7  
During the afternoon of the second day working groups were tasked to address the following question: 
• What is your overarching goal for the Global Undertaking? What are your top three objectives 
serving this goal for short, medium and long-term impacts? 
At the end of the second day the groups presented their conclusions in plenary and all participants had 
the opportunity to question and discuss each other’s conclusions. The key representatives group then 
met to discuss the implication of the progress to date for the design of the third day. During this meeting 
it was decided to form new working groups (created through self-selection based on disciplinary 
interests and expertise) to discuss the following thematic areas of the prospective proposal: 
• Participatory value-chain approach  
(later redefined by the group as: ‘Orientation towards adoption’) 
• Plantain-like cultivar breeding and population improvement 
• Breeding ToolBox 
• Communication, capacity building, governance, management, dissemination and 
knowledge sharing* 
 
*During the self-selection process for the formation of these groups, it became clear that 
there were insufficient individuals for this fourth area, so it was decided to deal with this 
topic in plenary during the early afternoon of the third day. 
The three groups spent the entire morning of the third day discussing five top priority activities within 
their respective thematic area. In each case, groups were tasked to define annual milestones across five 
years and draft an aggregated vision of success statement for those goals and objectives. In addition, the 
groups were asked to provide indicative budgets and a preliminary list of essential partners. The outputs 
from each working group were then presented in plenary and discussed during the afternoon of the 
third day. The participating representatives of development investors then provided their input and 
feedback on the entire process. Finally, the workshop participants were given an opportunity to provide 
their feedback on the process. The key representatives group then met one final time to define the roles, 
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responsibilities and schedule for developing the outputs from the workshop into a preliminary draft 
concept note to be circulated to all participants. 
Throughout the workshop emphasis was given to ensure that the opinions and opportunities from all 
potential partner organizations were well represented whether from RTB partners such as IITA, 
Bioversity International, CIAT and CIRAD or other international, regional or national organisations like 
CARBAP, EMBRAPA and programs from across Africa, India, China or elsewhere in Asia. 
In the longer term, the role of genetic engineering will become increasingly important. However, for the 
first phase of this proposal it is considered more important to focus efforts on re-establishing critical 
mass and momentum in conventional (including marker-assisted) breeding which will also be an 
essential prerequisite to future transgenic successes. 
There was a one-day (31 October) post-workshop visit to CARBAP’s main research and breeding station 
in Nyombe (near Douala). The participants were grateful to CARBAP for hosting this visit, and to the 
workshop organizers, CARBAP and CIRAD for logistical arrangements. The program included visits to 
CARBAP fields to see genetic resources (one of the largest Musa field genebanks worldwide), breeding 
and agronomy activities. There was also a tour of the labs for biotechnology and postharvest/fruit 
quality, and other facilities, as well as a visit to a smallholder farmer plot on the way back to Douala.  
During the visit to the postharvest lab, participants were provided with a taste panel of CARBAP hybrids 
along with check cultivars in various preparations.  
 
4. Workshop Group Outputs 
Day 1: Overall structure of the program 
Key conclusions from the working groups include:  
 
Q1. What is the main type of hybrid product that the global program should be focused on? 
Products that serve food security and income generation needs based on social economic analysis, 
emphasizing the process rather than product to maximize impact for end-users. 
Consumer-driven acceptable taste and fruit quality (including colour and texture) and high nutritional 
quality representative of the current demand. 
Need for a model variety and a defined breeding process that initially focuses on qualitative traits while 
methods for quantitative traits are refined. 
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Development of hybrid populations for collaborative genetic research, collaboration on pre-competitive 
research on breeding tools (such as pest and disease resistance markers), and coordinated efforts on 
breeding diploids (with standard resistance profiles) that are shared across community for use in all 
breeding programs, perhaps with optional GM traits such as BBTV resistance. 
Secondary triploids free of BSV, interspecific hybrids of cooking bananas, hybrids of cooking bananas and 
plantain-like bananas with good fertility, low height and strong root systems, and minimal management 
needs. 
 
Q2. Which breeding strategy offers the greatest potential for success and sustainable genetic gain, and 
should thus provide the backbone of the global program? 
Germplasm: Exploitation of natural variation and understanding the basis of agro-morphological 
variation (genetic and epigenetic), centralized molecular fingerprinting of parental germplasm and 
merging in a common database with standardized phenotype data (subsequently expanded to include 
hybrids). 
Tools: Consortium developed markers associated with traits and tools for their use at minimal cost. 
Coordinated pilot testing of some form of genomic selection and development of proteomic and 
metabolomics tools. Centralized transformation of diploids and collaborative work on gene silencing and 
omics approaches to system biology-based breeding. 
Breeding: Improvement of diploids, interploidy crosses, regional testing, participatory varietal selection 
(PVB), more sources of parthenocarpy, development of fertile heterotic groups that give sterile high 
yielding progeny, marker-assisted selection and improved phenotyping. Better use of pre-existing 
material. 
Collaboration: Common parental genotypes, coordinating crossing schemes, sharing of molecular 
breeding tools and knowledge, collaborative multilocational trials. Coordinated interaction with farmers 
and companies along the value chain to enhance community focus on end-user needs. Develop 
methodologies for assessing the breeding program progress and impact. 
 
Q3. How should the global program maximize synergy between partners? 
Create a Musa Breeding program with global impact (not a global program per se) 
Recognize strengths but limit project partnership in size to maximize complementarity, minimize 
overlaps and enhance synergy. Measure and celebrate respective inputs, synergies and outputs to 
further enhance accountability and acknowledgement. 
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Transparency and fair play in all aspects of the design, governance and implementation of the program. 
Equal partnerships based on mutual respect of individuals and organizations but without any individual 
organizational agendas dominating. Clearly defined roles and responsibilities, and shared authorship and 
credit in germplasm releases, as well as shared IP ownership. 
Sharing a common breeding strategy and end-point goal implemented through participatory and 
complimentary approaches, combining global interdisciplinary strategies and based on mutually agreed 
socio-economic analysis as well as farmer and consumer input. Form breeders’ consortium for sharing 
superior parental germplasm and creating effective hybrid prediction tools. 
Sharing populations for genetic studies on different characters enhanced by program providing tangible 
benefits to early sharing and effective cooperation. 
Effective communication through regular events, meetings, newsletters and other interaction. Create a 
central bioinformatics platform for sharing data mining and analysis tools and resources and creating a 
virtual hub for global collaboration. Establish user groups for all new tools to share experiences, develop 
expertise and improve adoption and impact. 
Mutual capacity building across the community for use of new tools, implementation and refinement of 
phenotyping methodologies through training, two-way staff exchanges and sharing of resources. 
(see Annex 4 for full details) 
 
PROBLEMS GAPS 
• Exchange of resources 
• Bottleneck with sharing of GR across different 
geographical locations 
• Multi-trait hybrid for agronomic improvement and 
quality (consumer preference) 
• Lack of openness/willingness among and 
collaboration between scientists in breeding 
stations/institutions 
• Difficulty to agree on genotypes (parental lines) to 
be used in breeding programs 
• Lack of collaboration/communication between 
molecular biologists, breeders and field 
practitioners 
• Lack of breeding material in some programs 
• Biological constraints (polyploidy, sterility) 
• Time scale for deliverables 
• Lack of knowledge on germplasm evaluation 
• Partners don’t have the same facilities across the 
world 
• Understanding GxE 
• Breeding for nutrition use efficiency and water stress 
tolerance 
• Biofortification research 
• Lack of knowledge of banana/plantain floral biology 
(e.g. from pollination to seed development) 
• Non-availability of resource persons to implement the 
program in NARS countries 
• Data management resources 
• Less mapping information to seek key genes 
• Lack of success in capturing natural variation (using 
GM to improve genetic gain) 
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Problems and Gaps 
Target types Strategy Synergy 
• Variety release capacity often 
inadequate 
• Release of good planting material at 
low cost in short time 
• Impact platform often not strong 
enough to support the delivery of end 
product 
• Priorities for geographical area 
• Hybrid populations that support 
genetic research – difficult for specific 
traits 
• Acceptability by consumers 
• Suitability for hybrid for local recipes 
• Availability and affordability 
• Nutritional qualities 
• Stability of quality trait with 
environmental variation 
• Low fertility common 
problem to most 
strategies 
• Not enough known 
about genetics of 
sterility and 
parthenocarpy 
• Valuable tools for 
understanding 
epigenetic variation 
• Regional testing of 
existing selections 
• Fighting for the same 
source of funds 
• Quarantine need for 
population exchange 
• Problem in sharing; 
reluctance to share IP or 
superior genetics 
• Phytosanitary issues and 
expense 
 
Orphans 
• Not enough importance on Musa wild relatives in 
breeding programmes 
• Orphan plantains  
 
Day 2: Major goals and objectives 
Key conclusions from the working groups include: 
Q1. What is your overarching goal for the Global Undertaking? 
Responses to this question drilled down into more detail in similar areas to those highlighted during 
Day 1 in the areas of breeding pipelines for plantains, and development of new cultivars for impact on 
food and income security. Strategies were based on farmer, consumer and market needs. 
There was an increasing willingness to gather all partner competencies in order to increase the pace and 
efficiency of generating new cultivar products. It is envisaged that breeding programs should share the 
same processes, tools, standards, but focus on multiple differentiated end-products. Similarly, the 
community aims to develop a common database to host genotypic and phenotypic data, as well as the 
epigenome, for mining and predictions. 
 
Q2. What are your top three objectives serving this goal for short, medium and long-term impacts? 
Participatory value chain approach and capacity building including capacity building of breeders and 
geneticists as well as key value chain actors. Particularly, developing improved materials to meet end 
user needs. This includes producing plantain-like families of hybrids to be evaluated and participatory 
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selected (multilocations). Improvement of seed systems, including fostering large-scale high 
multiplication ratio facilities. 
Genetics of various priority traits and improved understanding of impacts of structural variation on 
transmission and sterility issues. Development of knowledge and tools to enhance breeding efficiency 
and effectiveness. Standardising phenotyping protocols and a global partnership for developing new 
cultivars.  
Capacity building national structures (research stations, national agricultural programs) and strengthen 
regional and national Musa breeding programs through participatory breeding and phenotyping and to 
enhance technology transfer. This will require integrating breeding data management systems and the 
creating of a common breeding database. 
Challenges include poor fertility, unstable funding, lack of collaboration amongst breeding programs, 
limited exchange of improved parental germplasm, and lack of exchange of unpublished information. 
There is also a need to increase leadership and ownership, knowledge and capacity, and potential of all 
partners to participate in an equitable way. 
(see Annex 5 for full details). 
 
Day 3 and beyond: Concept note 
The workshop participants successfully established the framework for four thematic areas of a 
prospective concept note. Team leaders and team members were designated for each theme and tasked 
to generate their respective sections of a concept note during the weeks immediately following the 
workshop. This draft concept note has been circulated to all workshop participants requesting their 
feedback and input (see Annex 6 for current draft).  
 
5. Workshop Evaluation 
No formal evaluation of the workshop was conducted but feedback was provided to the closing plenary 
session by workshop participants in a round robin format, which has been synthesized below (see 
Section 7 for summary of feedback from donor representatives). 
The general sentiment was highly positive. There was a general acknowledgment that the community 
had made a lot of progress in its readiness to accept past mistakes, its eagerness to collaborate, and its 
willingness to learn from outsiders. 
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Several participants highlighted the strong inter-disciplinarity that was emerging in the community with 
exemplary progress being made by several national programs. However, it was routinely acknowledged 
that there is still a long way to go in bridging the gap between genetic, genomic and phenotypic 
activities, particularly within the context of application in Musa breeding. 
Researchers from other crop systems reiterated that it was highly perilous for the community to ignore 
the looming data management problems. The hard-learnt lessons from other systems highlight that the 
Musa community needs to make comprehensive plans and assign critical mass to start working on these 
issues now, if they are to have any chance of establishing the necessary systems by the time they will be 
needed. 
Throughout the workshop there was a growing acknowledgment of the need for greater emphasis on 
orientating activities in ways that maximize adoption. First, the need for a dramatically increased priority 
on consumer preferred quality traits. Second, the need to build effective value chains for product 
development and delivery. 
The workshop broadly achieved its objectives: 
• The global Musa research and breeding community established a firm commitment to 
collective action for the improvement of plantain in Africa. 
• The community brainstormed with experts from allied crops and model systems who 
have many valid lessons to share for improving the process in Musa. 
• A clear framework of priorities and activities, as well as roles and responsibilities, was 
agreed by the participants as the basis for development of a concept note. 
• Key representatives of organizations across the community came together after the 
workshop and successfully completed a draft concept note, which has been shared with 
all participants for their input and feedback. 
 
6. Post-grant Plans 
The group of key representatives tasked themselves to deliver upon the following milestones during the 
three months after the workshop: 
November 2013 Collation of workshop presentations on public access site 
December 2013 Circulation of draft concept note to workshop participants 
 (see Annex 6) 
As soon this report is public Revision of concept note and circulation to donors who had shown 
interest to participate in the workshop 
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7. Representation from Development Investors 
Kathelyne Craenen highlighted the need for the proposal to define how the project would influence the 
enhancement of bananas and plantains through the development of new tools, and how in turn 
livelihoods would be improved and poverty reduced. Kathelyne felt that since the workshop had focused 
on research and breeding issues, there was a remaining critical need for discussion of how sustainable 
impact would be achieved and measured. Finally, the team was reminded that emphasis on crosscutting 
teams, targeting gender and vulnerable groups, and addressing environmental and social cultural factors 
are important aspects of the proposal. Fully addressing these downstream issues in the proposal would 
be essential for the successful funding and implementation of the project. 
Jim Lorenzen identified smallholders and urban poor, lower food prices through increased productivity, 
and improved food security and livelihoods as particularly important priorities. The development of 
improved breeding methods for generating new hybrid cultivars was considered particularly important. 
Similarly, the tracking of genetic gains, quality of phenotype data (using coefficient of variation-based 
indicators, etc.) and other proxies for intermediate impact was highlighted as a particularly important 
element to develop in the proposal. Jim warned the group to carefully evaluate where partnerships 
really brought substantial added value in order to minimize the scale of the collaborative network. He 
also indicated that some donors will select what to fund from a large partnership proposal, because of 
their preference towards product development with high potential impacts (e.g. BMGF) or basic 
research (national research councils). Finally, we were reminded that development investors are 
increasingly interested to be involved in funding consortia when supporting large-scale regional and 
global initiatives. 
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Annex 1. Workshop Program 
Day 1 (28 October 2013): Setting the Scene 
Time Topic Responsible 
08.30-08.40 
 
Words of welcome 
 
Jean Daniel Ngou Ngoupayou 
Director, Centre Africain de Recherche sur 
Bananiers et Plantains 
08.40-08.50 Words of welcome 
 
Rony Swennen, IITA 
(on behalf of the Director of Research) 
08.50-08.55 Words of welcome Eldad Karamura  
Bioversity International  
(Regional Coordinator) 
08.55-09.00 Words of welcome Minister of Scientific Research & Innovation 
09:00-09:05 Meeting golden rules: email, internet, mobile 
phones, timing, reporting … 
Rodomiro Ortiz (facilitator) 
09.05-09.30 Background 
1. Global priority setting 2013: Outcome from 
Kampala’s Global Priority Setting Workshop  
Inge Van den Bergh  
Bioversity International, Montpellier, France  
(15 min. talk + 10 min. Q&A) 
09.30-09.45 2. CRP complementary funding on banana 
breeding. How it came to light and where we can 
go from here? 
Luis Augusto Becerra  
RTB Cluster Leader  
CIAT, Colombia  
(10 min. talk + 5 min. Q&A) 
09.45-10.00 Our objective: to develop a product orientated 
impact-driven global breeding 5-year proposal 
for banana/plantain with clear monitoring and 
evaluation indicators 
Rony Swennen 
(10 min. talk + 5 min. Q&A) 
10.00-10.15 How we prepared this workshop: the bottom-up 
consultative process and what still needs to be 
done, and how we need you to approach this 
workshop 
Rony Swennen  
(10 min. talk + 5 min. Q&A) 
 
10.15-10.45 Coffee break  
10.45-11.25 3. Desk study on the current banana and plantain 
breeding in the world  
Rodomiro Ortiz  
(30 min. talk + 15 min. Q&A)  
11.25-11.45 Update of current banana and plantain breeding 
capacity and impact in the world  
 
Nicolas Roux  
Bioversity International  
(15 min. talk + 5 min. Q&A) 
11.45-12.00 4. Identifying elements for the breeding proposal 
(discussion) 
Introduction by Rodomiro Ortiz / Jonathan 
Crouch  
(15 min. talk) 
12.00-13.00 How can current banana breeding programmes 
contribute (incl. identifying some conflicting 
issues): materials, tools, methods, locations, IPR,  
(each 10 min.) 
 
 - CARBAP (P. Noupadja) 
- CIRAD (F. Bakry) 
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Time Topic Responsible 
- EMBRAPA (E. Amorin) 
- NRCB (NN) 
- NARO (J. Kubiriba) 
- IITA (R. Swennen) 
13.00-13.05 Access to germplasm: SMTA and additional 
conditions and IPR-hybrids 
Inge Van den Bergh  
(5 min.) 
13.00-14.00 Lunch  
14.00-14.30 Taking stock from morning sessions and 
organizing working groups 
Rodomiro Ortiz / Jonathan Crouch 
14.30-16.00 5. Working Group Discussion Topics 
1. What is the main type of hybrid product that 
the global program should be focused on? 
 
2. Which breeding strategy offers the greatest 
potential for success and sustainable genetic 
gains, and should thus provide the backbone of 
the global program? 
 
3. How should the global program maximize 
synergy between partners? 
Four Working Groups 
 
Each group discussing the same three 
questions 
 
- Individuals to list top priorities 
 
- Group to discuss and arrange by theme,  
improvements and priorities  
 
- Individuals to list problems, gaps and 
orphans 
16.00-16.30 Coffee break   
16.30-17.00 Working Groups (continued)  
17.00-18.00 Reports to Plenary  
(10 minutes report + 5 minutes Q&A for each of 4 
working groups) 
Four Working Groups 
 
 ADJOURN  
19.30 Welcome cocktail  
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Day 2 (29 October 2013): Accelerating banana breeding 
Time Topic Responsible 
08.30 6. Current tools to accelerate banana breeding/ 
genetic gains  
 
08.30-08.50 Current support from biotechnological/ 
molecular tools for banana breeding. What’s next 
after the genome sequencing of A and B 
genomes? 
Fred Bakry/Angélique D’Hont/Edson Amorim 
(15 min. + 5 min. Q&A)  
08.50-09.10 How is genomics/GMGC (Global Musa Genomics 
Consortium) supporting banana breeding and 
what needs to be done for fully engaging in a 
breeding-by-design approach that leads to 
sustainable genetic gains 
Chris Town (Chair of GMGC) / Robert Miller 
(15min. + 5 min. Q&A)  
09.10-09.30 Current support of metabolomics/ proteomics 
for banana breeding and how the omics-led 
breeding can lead to enhancing genetic gains 
Paul Fraser/Sebastien Carpentier 
(15 min. + 5 min. Q&A)  
09.30-09.45 Postharvest quality and banana breeding Olivier Gibert 
09.45-10.15 Coffee break  
10.15 7. Accelerating conventional breeding: lessons 
from other crops: provoking talks 
 
10.15-10.25 Introduction Rodomiro Ortiz 
10.25-11.50 Provoking talk: GBS to support plant breeding. 
Applying GBS for polyploidy asexual crops 
Katie Elizabeth Hyma  
(20 min. + 5 min. Q&A) 
11.50-12.15 Approaches and progress, utilizing NEXTGEN 
sequencing in identifying molecular markers 
associated with resistance to Cassava Brown 
Streak Virus and what to learn for Musa breeding 
Morag Ferguson  
(20 min. + 5 min. Q&A) 
12.15-12.40 Potato and other polyploid crop genetic 
enhancement with new breeding tools 
Henk Schouten 
(15 min.) 
13.00-14.00 Lunch  
14.00-15.00 External partners (what would you do if you 
would join the banana breeding programme?) 
Katie Elizabeth Hyma, Morag Ferguson, Paul 
Fraser, Henk Schouten 
(each 15 min. from their perspective) 
15.00-15.45 What is your overarching goal for the Global 
Undertaking? What are your top three objectives 
serving this goal for short, medium and long-
term impacts? 
Same Four Working Groups 
 
Each group discussing the same question 
15.45-16.15 Coffee break  
16.15-17.00 Working Groups (continued)  
17.00-18.00 Reports to Plenary (10 minutes report + 5 
minutes Q&A for each of 4 working groups) 
Four Working Groups 
 
 ADJOURN  
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Day 3 (30 October 2013): Towards a proposal 
Time Topic Responsible 
08.30-10.00 8. Working Group Work Packages 
1. Participatory value-chain approach 
2. Plantain-like cultivar breeding and population 
improvement 
3. Breeding Tool Box 
Three Working Groups: 
 
- Five priorities across five years 
- Vision of success 
- Indicative budget 
- Preliminary list of essential partners 
10.00-10.30 Coffee break  
10.30-12.00 Working Groups (continued) Three Working Groups 
12.00-13.00 Lunch  
14.00-15.00 9. Communication, capacity building, 
governance, management, dissemination and 
knowledge sharing 
Plenary discussion on Work Package 4 
15.00-16.00 Reports to Plenary  
(10 minutes report + 5 minutes Q&A for each of 4 
working groups) 
Three Working Groups 
16.00-16.30 Coffee break  
16.30-17.30 Remarks by development investors Kathelyne Craenen 
Jim Lorenzen 
17.30-18.00 Summary of conclusions and feedback from 
participants 
 
18.00 ADJOURN  
19.00 Workshop dinner 
 
Day 4 (31 October 2013): Visit to the banana-plantain 
research/breeding activities at CARBAP, Njombe, Cameroon 
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Annex 2. List of Participants 
 
No. Participant Institution E-mail address 
1.  Amah Delphine IITA Nigeria a.delphine@cgiar.org 
2.  Baiyeri Paul University of Nigeria paul.baiyeri@unn.edu.ng 
3.  Bakry Fredéric CIRAD frederic.bakry@cirad.fr 
4.  Becerra Luis Augusto CIAT l.a.Becerra@cgiar.org 
5.  Carpentier Sebastien KU Leuven sebastien.carpentier@biw.kuleuven.be 
6.  Caruana Marie-Line CIRAD marie-line.caruana@cirad.fr 
7.  Craenen Kathelyne Directorate General for Development Cooperation kathelyne.craenen@diplobel.fed.be 
8.  Crichton Rhiannon Bioversity International r.crichton@cgiar.org 
9.  Crouch Jonathan Agrinovis Ltd. jonathan.crouch@agrinovis.com 
10.  D’Hont Angélique CIRAD angelique.d'hont@cirad.fr 
11.  Domaingue Robert CIRAD robert.domaingue@cirad.fr 
12.  Ferguson Morag IITA Kenya m.ferguson@cgiar.org 
13.  Fondi Emmanuel CARBAP fondien@yahoo.com 
14.  Fonin Alain CARBAP jean-pierre.horry@cirad.fr 
15.  Fraser Paul Royal Holloway,  University of London p.fraser@rhul.ac.uk 
16.  Gibert Olivier CIRAD olivier.gibert@cirad.fr 
17.  Horry Jean-Pierre CIRAD jean-pierre.horry@cirad.fr 
18.  Hyma Katie Cornell University keh233@cornell.edu 
19.  Karamura Eldad Bioversity International e.karamura@cgiar.org 
20.  Kubiriba Jerome NARO jkubiriba@kari.go.ug 
21.  Kumar Lava IITA Nigeria l.kumar@cgiar.org 
22.  Kwa Moïse CARBAP moisedekwa@gmail.com 
23.  Lescot Thierry CIRAD thierry.lescot@cirad.fr 
24.  Lorenzen Jim Gates Foundation jim.lorenzen@gatesfoundation.org 
25.  Loubana Pierre Michel CARBAP loubanapnr@yahoo.fr 
26.  Miller Robert Universidade de Brasília robertmiller@unb.br 
27.  Nasser Yao BecCA nasseryao@gmail.com N.Yasser@cgiar.org 
28.  Ngoh Newilah Gerard CARBAP gbngoh@yahoo.com 
29.  Ngou Ngoupayou Jean Daniel CARBAP ngou_ngoupayou@yahoo.com 
30.  Noupadja Pascal CARBAP pascalnoupadja@yahoo.fr 
19 
 
 
 
M U L T I - C E N T E R  P L A N N I N G  O N  B A N A N A  /  P L A N T A I N  I M P R O V E M E N T  
 
 
No. Participant Institution E-mail address 
31.  Okolle Justin CARBAP okollejustin@yahoo.com 
32.  Ortiz Rodomiro Swedish University of Agricultural Sciences rodomiro.ortiz@slu.se  
33.  Ou Sheng CAAS shengou6@gmail.com 
34.  Perito Amorim Edson EMBRAPA edson@cnpmf.embrapa.br; edson.amorim@embrapa.be 
35.  Roux Nicolas Bioversity International n.roux@cgiar.org 
36.  Schouten Henk WUR henk.schouten@wur.nl 
37.  Sulpice Ronan National University of Ireland ronan.sulpice@nuigalway.ie sulpice@mpimp-golm.mpg.de 
38.  Swennen Rony IITA Tanzania rony.swennen@biw.kuleuven.be r.swennen@cgiar.org 
39.  Tomepke Kodjo CIRAD kodjo.tomekpe@cirad.fr 
40.  Town Christopher D. GMGC cdtown@jcvi.org 
41.  Uwimana Brigitte IITA Tanzania b.uwimana@cgiar.org 
42.  Van den Bergh Inge Bioversity International i.vandenbergh@cgiar.org 
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Annex 3. Composition of working groups and drafting teams  
 
Workshop working groups – Day 1 and Day 2 
Group 1 Group 2 Group 3 Group 4 
Jonathan Crouch* Rodomiro Ortiz* Rony Swennen* Nicolas Roux* 
Morag Ferguson♯ Robert Miller♯ Luis Beccerra♯ Robert Domaingue♯ 
Frederic Bakry Sebastien Carpentier Marie-Line Caruana Delphine Amah 
Angélique D’Hont Kathelyne Craenen Rhiannon Crichton Paul Baiyeri 
Olivier Gibert Jean-Pierre Horry Emmanuel Fondi Chris Town 
Rachid Hanna Katie Hyma Jerome Kubiriba Paul Fraser 
Eldad Karamura Lava Kumar Thierry Lescot Pierre Loubana 
Jim Lorenzen Moise Kwa Gerard Ngoh Yao Nasser 
Jean Ngoupayou Josue Ngando Henk Schouten Justin Okolle 
Pascal Noupadja Edson Perito Ronan Sulpice Sheng Ou 
Brigitte Uwimana Inge Van den Bergh Kodjo Tomepke  
*Facilitator  ♯Rapporteur 
 
 
Concept note drafting team  
(♯) Thematic Area  Lead Secondary* 
(1) Orientation towards adoption Inge Van den Bergh 
Bioversity International 
Gerard Newilah 
CARBAP, Cameroon 
(2) Plantain-like breeding Rony Swennen 
IITA 
Jean-Pierre Horry 
CIRAD, France 
(3) Breeding toolbox  
 
Nicolas Roux 
Bioversity International 
Rony Swennen 
IITA 
(4) Communication, capacity building, 
governance etc.  
Rodomiro Ortiz 
SLU, Sweden 
Jonathan Crouch 
Agrinovis, UK 
*Group lead responsible for gathering input from all relevant individuals 
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Annex 4. Outputs from Day 1  
 
Working Group 1 – Day 1 Outputs 
Q1. What is the main type of hybrid product that the global program should be focused on? 
Suggestions Frequency Group 
Focus on hybrids that address food security needs and 
income generation 
2 Final product 
Hybrid populations that support genetic research 1 Intermediate product 
Should not focus on one type of hybrid. Need a diversity 
of approaches 
1 Final product  
Secondary triploids free of BSV; substitutable to 
plantains 
4 Final product 
Plantain with Fusarium and black leaf streak resistance 
and consumer acceptance 
2 Final product  
Disease resistant varieties 1 Final product 
Consumer driven, acceptable quality 1 Final product 
Hybrid of cooking banana and plantain-like 1 Final product  
Diploid male with disease resistance 1 Intermediate product 
Good fertility 1 Intermediate product 
 
Q2. Which breeding strategy offers the greatest potential for success and sustainable genetic gain, and 
should thus provide the backbone of the global program? 
Group Suggestions 
Germplasm Need to understand basis of agro-morphological variation (genetic and 
epigenetic)  
Exploitation of natural variation – medium/long 
Retain maximum variation 
Long term: Need more diversity from wild Musa 
Tools Need to get markers associated with traits – association mapping 
Use available tools at minimal cost 
Development of tools for molecular breeding 
Develop populations integrated with breeding that can be studied to 
increase genetic knowledge 
Some version of genomic selection should be trialled in banana 
Combine chromosome doubling with population improvement (2x and 4x). 
Interploidy Short term – AAAB x AA giving AA(a/b) hybrid 
4x/2x and 3x/3x 
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Group Suggestions 
Integrating association mapping with use of existing parents (2x and 4x) 
Diploid Improve diploids 
BB x AA = AB 
Short term Regional testing of existing selections 
Medium-term  Use several approaches as still too many unknowns to focus too much 
Participatory varietal selection (PVB) 
Long-term More sources of parthenocarpy 
Development of fertile heterotic groups that give sterile high yielding 
progeny 
 
Q3. How should the global program maximize synergy between partners? 
Group Suggestions 
Recognize 
strengths 
Recognise at least one strength of every breeding/research program and build on 
this 
Limit project partnership in size but maximize complementarity to achieve synergy 
Fairness Transparency and fair play 
Fair share of program resources 
Equal partnership and mutual respect 
Mutualisation of expertise and facilities 
Money for everyone 
Common 
strategy 
Sharing a common breeding strategy 
Through participatory and complimentary approach 
Defining and dividing tasks for a common goal 
Sharing Sharing populations for genetic studies on different characters 
All skills (geneticists, breeders etc.) considered for a global program synergy 
Sharing available resources to have a common baseline 
More multilocational trials with shared partners – specific traits scored by partners 
with least facility/ environment 
Share populations early while still in vitro and phytosanitary screening affordable 
Provide tangible benefits to early sharing and effective cooperation 
Communication Through networking and frequent meetings for updating and making available 
funding 
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Problems and Gaps 
Target types Strategy Synergy 
• Variety release capacity often 
inadequate 
• Release of good planting material 
at low cost in short time 
• Impact platform often not strong 
enough to support the delivery of 
end product 
• Priorities for geographical area 
• Hybrid populations that support 
genetic research – difficult for 
specific traits 
• Acceptability by consumers 
• Suitability for hybrid for local 
recipes 
• Availability and affordability 
• Nutritional qualities 
• Stability of quality trait with 
environmental variation 
• Low fertility common 
problem to most strategies 
• Not enough known about 
genetics of sterility and 
parthenocarpy 
• Valuable tools for 
understanding epigenetic 
variation 
• Regional testing of existing 
selections 
 
• Fighting for the same 
source of funds 
• Quarantine need for 
population exchange 
• Problem in sharing. 
Reluctance to share IP 
or superior genetics 
• Phytosanitary issues 
and expense 
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Working Group 2 – Day 1 Outputs 
Q1. What is the main type of hybrid product to 
that the global program should be focused on? 
 
Q2. Which breeding strategy offers greatest 
potential for success and sustainable genetic 
gain, and should provide the backbone of the 
global program? 
Q3. How should the global program maximize 
synergy between partners? 
 
High-level Issues 
• Target population – cooking types – plantains 
– global application 
• Quality – Needs to meet consumer taste 
• Cannot lose fruit quality  
• Partial resistance to BLS, Weevils, 
Nematodes, Fusarium, BBTV 
• Strong root systems – relevant in terms of 
wind, drought 
High-level Issues 
• Traits – must think of consumer demands first 
of all 
• Source material – reflecting traits mentioned 
above 
• Breeding strategy – Conventional and 
molecular breeding, genotyping and 
phenotyping at all levels (including genomic, 
proteomic, metabolomics) 
High-level Issues 
• Synergy and complementarity (based on 
strengths of each) 
• No losers – respect each organization 
• Clear roles for each (no overlap) 
• Recognise level of involvement of each 
partner (need management for this) 
• Knowledge sharing, capacity strengthening 
Specific Details 
• Medium size (height), good circumference 
• 70 fingers 
• long fingers 
• Tolerant to BLS, Weevil, nematodes, bacterial 
wilt, BBTV, drought 
• Plantain-like colour and flavour 
• Firm 
• Accepted by users 
• Interspecific hybrids of cooking bananas 
• Supplemented by GM for traits like BBTV 
 
Specific Details 
• Common pot of genitors 
• Cross breeding at global level 
• Multilocational trials 
• Inheritance of traits of interest required – 
genetic studies of inheritance and expression 
of characters in polyploidy context (3x / 4x) – 
phenotyping and genotyping 
• Agronomic and socio-economic characters 
• Phenotyping at all levels (to metabolome), 
markers 
• Broad Strategy – pest and disease, nutrient 
value 
Specific Details 
• Combine global interdisciplinary strategies 
• Maximise synergy – develop ID, germplasm 
exchange, network evaluation – new hybrids, 
screening for elite germplasm, standard 
evaluation – for agronomic characters and 
pest and diseases 
• No losers – maximize synergy 
• Supported US$ actions have to be within 
research plan of the institution 
• Share tools, staff, expertise, breeding 
materials 
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Working Group 2 – Day 1 Outputs Cont’d 
Q1. What is the main type of hybrid product to 
that the global program should be focused on? 
 
Q2. Which breeding strategy offers greatest 
potential for success and sustainable genetic 
gain, and should provide the backbone of the 
global program? 
Q3. How should the global program maximize 
synergy between partners? 
 
High-level Issues 
• Target population – cooking types – plantains 
– global application 
• Quality – needs to meet consumer taste 
• Cannot lose fruit quality  
• Partial resistance to BLS, Weevils, 
Nematodes, Fusarium, BBTV 
• Strong root systems – relevant in terms of 
wind, drought 
High-level Issues 
• Traits – must think of consumer demands first 
of all 
• Source material – reflecting traits mentioned 
above 
• Breeding strategy – Conventional and 
molecular breeding, genotyping and 
phenotyping at all levels (including genomic, 
proteomic, metabolomics) 
High-level Issues 
• Synergy and complementarity (based on 
strengths of each) 
• No losers – respect each organization 
• Clear roles for each (no overlap) 
• Recognise level of involvement of each 
partner (need management for this) 
Knowledge sharing, capacity strengthening 
Specific Details 
• Diploid breeding to be shared by global 
community to improve own 3x/4x breeding 
• Identify traits technically less challenging with 
high level of potential improvement 
(qualitative traits) 
• Invest in more risky quantitative traits 
simultaneously to help develop methods 
• Hybrids – fruit quality, taste, high yield, 
strong root system, resistance to pests and 
diseases, low height 
• Plantain  
• Minimal input of agricultural management 
 
Specific Details 
• GMO 
• Incorporate diversity 
• Maps, QTLs, markers & marker tools 
• Phenotyping for traits at different 
environments 
• Generate breeding technologies using all 
available technologies 
• Regional level: selection of genotypes 
appropriate for region 
• Cross breeding and molecular markers 
• Develop improved diploids 
• Commercial cvs x IDs ---tetraploid hybrids 
• Tetraploid hybrids x ID ----triploid hybrids 
• Molec. markers for parental selection (IDs) 
Specific Details 
• Clarity in roles and responsibilities 
• Complementary activities – avoid overlap 
• If technology shifts, then need to offer 
training support 
• Plan for how resources distributed / credited, 
publications, variety releases etc 
• Share expertise, develop where you are 
strong 
• Knowledge sharing, capacity strengthening 
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Working Group 3 – Day 1 Outputs 
Main type of hybrid product  to target Best breeding strategy for sustainable impact Maximizing synergy between partners 
Short Term Short Term Short Term 
• Need for a model 
variety 
• High nutritional 
quality 
• Resistant to Pest and 
Disease 
• Plantain - focus 
• Hybrid banana 
• Cooking banana 
• Stable /Suitable for 
Farmers/Easy to work 
• Ex-ante study 
through social 
participation/Non-
breeder view 
• Adapted to 
demand/facilitate 
adoption 
• Representative of 
the current demand 
• Collect existing data 
(phenotype/genotype) 
and combine in one 
global database 
• Breeders 
• Companies 
• Farmers 
• Breeding strategies 
based on the use of 
proven or adapted tools 
• Develop 
methodologies for 
assessing impact of 
breeding programs 
• Fast-track: large scale 
crosses with high 
breeding value parents 
• Establish a partner 
network for variety 
evaluation 
• Make few segregating 
populations from 
genetically different 
parents 
• Share experimental 
populations with 
partners 
• Develop genetic maps 
and share databases 
• Multi trait evaluation 
by partners 
• Sharing tools and 
genetic resources 
• Ex-ante evaluation to 
establish realistic goals 
• Protect intellectual 
property rights 
• Develop a breeder's 
consortium for sharing 
of superior parents 
• Multilocational 
evaluation of common 
breeding materials 
• Farmers involved in 
the initial stages of 
cultivar development 
• Agreeing on a 
common breeding 
approach to effectively 
utilize novel germplasm 
and a next generation 
breeder's tool box 
• Encourage strong 
communication among 
partners 
• Define clear goals and 
measure benefit to 
players (accountability) 
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Main type of hybrid product  to target Best breeding strategy for sustainable impact Maximizing synergy between partners 
Medium Term Medium Term Medium Term 
• Strong root systems 
• False Horn 
• Sigatoka resistance 
in plantain 
• Taste 
• Hybrid banana 
• Plantain-like hybrids 
• Selection of superior 
parents (diploids) 
• Improved diploids 
• Gene silencing 
• Conventional breeding 
strategies based on 
consumer preferences as 
major traits 
• Conventional breeding 
strategies based on BSV 
as secondary trait 
• Conventional breeding 
strategies based on well 
characterised natural 
diversity (improved 
diploids) 
• Resistance to black 
Sigatoka 
• Develop molecular 
markers tools to 
accelerate Musa breeding 
• Omics approach to 
system biology breeding 
• Better genetic data 
based on NGS approaches 
• Epigenome 
• Mutagenesis 
breeding/tissue culture 
• Estimate synergies 
between partners and 
within organizations 
• Build a common database 
• Develop bioinformatics 
tools and platforms 
• Collect data from soil 
composition  
• Data mining and 
prediction tools 
• Build strong partner 
collaboration 
• Draw clear 
hypothesis 
• Develop 
collaborative 
equitable 
relationships 
among partners 
considering the 
potential each 
partner has to 
offer. 
Long Term   Long Term   Long Term   
• Strong root systems 
• False Horn 
• Sigatoka resistance 
in plantain 
• Hybrid banana 
• Plantain-like hybrids 
• Selection of superior 
parents (diploids) 
• Improved diploids 
• Better phenotypic data 
• Quality assessment 
• Defining what is the 
target 
• Diploid GMOs 
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Main type of hybrid product  to target Best breeding strategy for sustainable impact Maximizing synergy between partners 
Tools           
• Precompetitive research on useful tools for many breeders 
• Focus on global reach tools 
• Define breeding processes 
• Molecular Markers linked to pest and disease resistance 
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Working Group 4 – Day 1 Outputs 
Q1: What is the main type of hybrid (novel, new breeding products) product/cultivar that a global 
program should be focused on? 
Process level Focus on process rather that product, so as to maximize impact for end-
users 
Pre-evaluation of which type of product that could have the appropriate 
impact for regions and consumers 
Product level 
 
3 answers focused on plantains  
7 answers focused on plantains + EAHB, dessert and sweet bananas, 
Cavendish (+ Pacific plantains) 
 
Q2: Which breeding strategy offers greater potential for success and sustainable genetic gain, and 
should thus provide the backbone of the global program?  
(ex. diploids, emphasis on quality – Genetic gain per unit time) 
• The product and its desired impact should be the outcome of the strategy. For this 
we have to optimize technologies, introduce new techniques. So there is no single 
best strategy. 
• The program should focus on user needs. 
• Need to gain improved knowledge on parents – confronting genotypic information 
on parents with phenotypic information of hybrids/progeny 
• Combination of conventional breeding and molecular tools  
• Introduction of marker assisted breeding / selection 
 
Short term 
 
Exploitation of diversity in landraces and that can be evaluated and used 
Inventory of existing landraces  
Capitalize on already existing improved material  
Mutation breeding  
Medium term 
 
Use of doubled haploid, chromosome doubling to create hybrids 
Use of genetic transformation  
Long term 
 
Improvement of diploid parents 
Genetic transformation 
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Working Group 4 – Day 1 Outputs Cont’d 
Q3: How should the global program maximize synergies between partners (processes, information, 
germplasm sharing etc.) 
• The vision and strategy should drive the partnership; not Centre-focused entry point 
• How to ensure the adoption of new technologies and expertise quicker within the partners 
involved in the project  
• Develop common projects with common goals and outputs  
• Potential partners to be involved from the beginning of the process 
• Define roles of and inputs from partners  
• Exchange genetic resources, materials, already developed products between Centres 
• Exchange technologies (polyploidisation, embryo culture, flow cytometry etc.) 
• Sharing of knowledge 
• Staff exchange 
• Sharing of data 
• Unified databases on genotypes and phenotypes  
 
Statement: Musa Breeding program with global impact (not a global program) 
PROBLEMS GAPS 
• Exchange of resources 
• Bottleneck with sharing of GR across different 
geographical locations 
• Multi-trait hybrid for agronomic improvement 
and quality (consumer preference) 
• Lack of openness / willingness / among and 
collaboration between scientists in breeding 
stations/institutions 
• Difficulty to agree on genotypes (parental 
lines) to be used in breeding programs 
• Lack of collaboration/communication 
between molecular biologists, breeders and 
field practitioners 
• Lack of breeding material in some programs 
• Biological constraints (polyploidy, sterility) 
• Time scale for deliverables 
• Lack of knowledge on germplasm evaluation 
• Partners don’t have the same facilities across 
the world 
• Understanding GxE 
• Breeding for Nutrition Use efficiency and 
water stress tolerance 
• Biofortification research 
• Lack of knowledge of banana/plantain plant – 
floral biology (e.g. from pollination to seed 
development) 
• Non availability of resource persons to 
implement the program in NARS countries 
• Data management resources 
• Less mapping information to seek key genes 
• Lack of success in capturing natural variation 
(using GM to improve genetic gain) 
 
 
ORPHANS 
• Not enough importance on Musa wild relatives in breeding programmes 
• Orphan plantains  
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Annex 5. Outputs from Day 2 
 
Working Group 1 – Day 2 Outputs 
 
Q1. What is your overarching goal for the Global Undertaking? 
Plantains Durable plantain-like types 
Group of plantain-like types for small scale farmers in Africa 
Consumer acceptability for new plantain 
Breeding pipelines Efficient breeding pipelines that take advantage of modern biotechnology / 
molecular tools to rapidly deliver farmer and consumer preferred climate 
resilient bananas for increased food security, income generation and 
nutrition of rural populations 
Accelerate the development and selection of varieties with higher and more 
stable yield and added value for food security 
Varieties More productive and durable varieties 
Breed varieties for local consumption and adapted to regional conditions 
Food and income 
security 
Smallholder banana farmers in SSA food and income secure 
 
Q2. What are your top three objectives serving this goal for short, medium and long-term impacts? 
Genetics Genetics of quality parameters 
Genetics of disease resistance 
Genetics of yield 
Improved understanding of genetics of target traits 
Improved understanding of the impact of chromosome structural variation 
on chromosome transmission and sterility 
Interploidy Crosses with AAAB 
Seed set Increased seed set 
Disease Disease resistance and drought tolerance 
Quality Banana / Plantain like hybrids for consumer demands 
Healthy product 
Yield Breed more productive, nutrition and resilient bananas 
Tools Rational and objective tools for selection 
Develop tools for breeders 
Strong partnerships exploiting tools 
Molecular tools to facilitate selection 
Phenotyping Standardising phenotyping protocols 
Platform Global partnership for developing varieties 
Capacity Capacity building of breeders and geneticists 
Capacity building of key value chain actors 
Eco-regional Matooke varieties adapted to a range of agro-ecologies  
Stakeholder satisfaction 
Staple resource 
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Gaps 
From crosses to farmer-selections normally takes 10 to 12 years. One cannot be expected to deliver a 
variety in the project timeframe of a maximum of 5 years.  
 
Working Group 2 – Day 2 Outputs 
 
Q1. What is your overarching goal for the Global Undertaking? 
Likelihoods of 
smallholders are 
enhanced in a 
sustainable manner 
through the 
adoption of 
improved plantain-
like cultivars with 
emphasis in Africa 
and global spill overs 
 
Improve livelihoods (nutrition, income, food security, capacity strength) 
Real needs of end users (may vary for gender, region, time) 
Improve socio-economic situation for smallholders (income, food security, 
sustainable) 
 
Adoption of improved varieties: stable yields, low input 
Improved plantain-like varieties for farmers, consumers and market needs 
Development of an integrated breeding approach for the improvement of 
plantain hybrids 
 
Target community: relevant for sub-Saharan African smallholders, Asia, Latin 
America 
 
Traits: Taste maintenance (consumer acceptance), Disease resistance (FOC, 
BLS, Nematodes, weevils) – for food security – increased yield (reduce risk in 
production) 
Develop global Musa Hybrid program for food, nutrition and income 
 
Q2. What are your top three objectives serving this goal for short, medium and long-term impacts? 
1. Participatory value chain approach and capacity building 
2. Product: Improved materials meet end user needs 
3. Knowledge and tools for breeding 
 
Production, transformation and marketing of the final product. 
Gender and environmental friendly programme. 
Capacity building national structures (research stations, national agricultural programs). 
 
Strengthen regional / national Musa breeding programs through participatory breeding for 
development of hybrids that meet national / regional preferences, including regional centres for 
breeding and phenotyping. 
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Organise shared resources and develop platform to improve efficiency as compared to individual 
efforts. 
Capacity building. 
Deliverables on short, intermediate and long timescale. 
Improved varieties obtained are characterized with molecular tools for their post-harvest and 
nutritional properties. 
Have available a set of improved materials that can be tested in multi-location trials with farmers’ 
and consumers’ input before release to growers. 
Produce plantain-like families of hybrids to be evaluated and participatory selected (multilocations). 
 
Working Group 2 – Day 2 Outputs Cont’d 
 
Q2. What are your top three objectives serving this goal for short, medium and long-term impacts?  
… Cont’d … 
Increase female / male fertility to increase rise of progenies 
Develop early screening methods for pest and disease and fruit quality. 
Improved varieties are multiplied and are available for the end users. 
 
Agronomic potentials of the varieties developed are mastered in different agro-ecological zones 
including drought conditions. 
 
Genetic knowledge. 
Breeding strategy definition. 
Technology transfer. 
 
Get insight into tolerance. 
Database of phenotyped parents and offspring. 
Develop breeding tools and technologies to modernize Musa breeding to fast track development of 
hybrids with consumer preferred traits, whilst addressing constraints to yield and quality. 
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To unravel the genetics of important traits in Musa. 
To develop an integrated approach and tools for Musa breeding. 
To develop a global product – new plantain hybrids for sub-Saharan African smallholders (one or 
two). 
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Working Group 3 – Day 2 Outputs 
OVERARCHING GOAL TOP THREE PRIORITIES 
Short Term   Priorities   
• Improve nutritional 
status 
• Reduce poverty 
• Reinforce 
partnerships 
• Food security 
• Effective breeding 
partnerships  
• Plantain for food 
security in SSA 
• Make a joint large-
scale breeding 
initiative which must 
be effectively 
operational 
• High yielding 
plantain hybrids 
resistant to key pest 
and acceptable to the 
consumers 
• To gather all partner 
competencies in order 
to be more efficient 
and reduce time to 
obtain the product 
• Baseline assessment 
of Plantain-like 
farmers’ needs 
• End-users should be 
considered in the 
breeding process 
• Exchange final 
product materials 
(Plantain-hybrids) 
• Improve and enlarge 
the varietal offer for 
sustainable 
production in WCA 
(Plantain-hybrids) 
• Analyse genetics and 
develop markers of 
exchanged germplasm 
regarding their 
important traits for 
the breeding program 
• Development of 
good practices in 
pipeline; list all 
necessary processes 
needed, make sure 
they are done 
• Integrated plantain 
breeding data 
management systems 
• Common database 
• Capacity building 
needs assessments for 
effective breeding 
• Explore and 
characterise the 
diversity of 
progenitors 
• Develop a high-ratio 
multiplication clean 
seed systems 
• Existing edible 
cultivars, especially 
diploids, well 
characterised 
(phenotype and 
genotype) and 
accessible to breeders 
• Joint development 
and sharing of 
improved parents for 
large scale crosses 
• Common tools 
• Genetic vs 
Epigenetic to make 
sure classical breeding 
can work enough by 
itself 
• Understand 
epigenetic variation in 
response to 
environment and its 
input on phenotypes 
of plantain 
• Hybrids exchanged 
and used by different 
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OVERARCHING GOAL TOP THREE PRIORITIES 
Short Term   Priorities   
breeding programs 
• Implement a 
transformational 
breeding approach 
through system 
biology 
• Define good quality 
markers for food 
quality (Physiology of 
ripening) 
 
Working Group 3 – Day 2 Outputs Cont’d 
OVERARCHING GOAL TOP THREE PRIORITIES 
Medium Term   Problems   
• Provide hybrids that 
meet the needs of 
producers and end-
users of SSA 
• Plantain-like hybrids 
accepted by end-users 
with high yield and 
resistance to pest and 
diseases 
• Based on plantain 
experience develop an 
optimal pipeline for 
breeding 
  • Poor fertility 
• Instability of funds 
• Lack of collaboration 
between the various 
breeding programs 
• Speak the same 
language 
• Limited exchange of 
improved parental 
lines 
• exchange of non-
published information 
• Ownership... How to 
deal with it 
• Lack of capacity 
• Lack of knowledge 
on genetic 
determinism of traits 
of interest 
• Lack of leadership – 
after brainstorming, 
someone needs to 
make wise decisions 
• Very few breeding 
programs 
• All potential 
partners may not be 
at the same level for 
equitable participation 
 
 
37 
 
 
 
M U L T I - C E N T E R  P L A N N I N G  O N  B A N A N A  /  P L A N T A I N  I M P R O V E M E N T  
 
 
OVERARCHING GOAL TOP THREE PRIORITIES 
Long Term       
• Facilitate each 
breeding centre to 
design, create, 
evaluate and release 
the best products 
• Breeding programs 
should share the same 
processes, tools, 
standards, but with 
multiple end-products 
• Improve food and 
income security, 
natural resources, and 
uses sustainability 
• Product for farmers 
(Plantain-like hybrids) 
• Develop highly 
nutritious plantain-like 
varieties with 
resistance to pest and 
diseases 
• Develop a common 
database to host 
genotypic and 
phenotypic data, as 
well as the 
epigenome, for mining 
and predictions 
    
Tools       
• Precompetitive 
research on useful 
tools for many 
breeders 
• Focus on global tools 
• Define breeding 
processes 
• Molecular Markers 
linked to pest and 
disease resistance       
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Working Group 4 – Day 2 Outputs 
 
Q1. What is you overarching goal for the Global Undertaking? 
Embracing modern technologies to address food security. 
 
Q2. What are your top three objectives serving this goal? 
Objective 1 
• Plantains with traits corresponding to farmer and consumer needs 
• Screening material for breeding, crossing, methodologies and evaluation for major 
traits  
 
Objective 2 
• Preliminary evaluation of parents and progeny, pre-breeding 
• Mapping population  
• Multi location trials of potential of hybrids for main agronomic traits 
• Technology transfer 
 
Objective 3 
• Participatory selection 
• Fruit quality evaluation 
• Selection, release, multiplication and distribution of preferred hybrids 
• Value addition for income generation  
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Annex 6. Output from Day 3 (and beyond): Draft Concept Note 
 
PROGRAM FOR IMPROVED PLANTAIN FOR SUB-SAHARAN AFRICA (PIP-SSA) – A GLOBAL 
BREEDING PARTNERSHIP 
CONCEPT NOTE – DRAFT 6 
(16 March 2014) 
 
INTRODUCTION 
Three-quarters of the world’s poorest people get their food and income 
by farming small plots of land. The majority of these smallholders live in 
Sub-Saharan Africa. 
Bananas are among the most important staple fruits grown by 
smallholders worldwide. Over 40% of global banana production is made 
up of starchy cooking varieties that provide a staple food to millions of 
people in developing countries. The most important groups include the 
plantains (AAB genome), the East African highland bananas (AAA-EA 
genome) and the ABB cooking types. Roughly half of all plantains are 
grown in Africa, especially West and Central Africa, with Latin 
America/Caribbean and Asia producing around 35% and 15%, 
respectively. 
Despite the significant morphological variation amongst plantains in 
Africa, they suffer from a wide range of pathogens and pests, but 
possess a narrow genetic basis. The production and delivery of high-
yielding and resistant cultivars with good consumer preferred quality 
traits is considered the most sustainable option for improving smallholder productivity and profitability. Over the 
past 25 years it was shown that plantain breeding is feasible with increasing in fruit yield of up to 225% achieved. 
However, plantain breeding, adoption and impact have been slow due to inadequate attention to end-user 
acceptability, lack of a strong collaboration between existing breeding programs, poor utilization of emerging 
technologies and short-term financial support resulting in interruption of breeding activities which is particularly 
detrimental in a perennial crop. 
There is an urgent need for a new paradigm that calls for concerted and orchestrated action amongst breeding 
programs across the world to accelerate the production, delivery and impact of plantain-like hybrids, especially in 
sub-Saharan Africa, through intensive collaboration particularly on development and accelerated application of the 
latest breeding technologies. 
 
 
 
Percentage of population living on less than 
$1.25 (ppp) per day, UN Human Development 
Statistics, 2008. 
 
Percentage of population suffering from hunger, 
World Food Programme, 2008. 
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GOAL 
The overall goal of the Program for Improved Plantain for Sub-Saharan Africa (PiP-SSA) is to 
sustainably enhance livelihoods of smallholders through the development and adoption of 
improved plantain-like hybrids, with emphasis on Africa but with global long-term spill overs. 
This concerted action and multistakeholder approach for PiP-SSA relies strongly on the need to mobilize 
competencies and knowhow from different disciplines that each research partner alone cannot bring in, as well as 
to foster an improved farmer/end-user participatory approach. This is especially true for banana improvement, 
owing to the narrow genetic base, and several biological and genetic constraints, namely reduced fertility of 
domesticated types, structural heterozygocity, ploidy levels…, as well as multiple selection criteria to develop 
specific ideotypes satisfying end-user needs. The success of such a program relies on a range of components like 
improved knowledge of the diversity and the structure of the genetic resources, especially the way in that this 
diversity can be mobilized for variety creation, ploidy manipulation, host/pathogen-pest interaction, improved 
knowledge of fruit quality, improved knowledge of the structure and the expression of the genome, and the 
integration of new genotypes in cultural systems. 
This change of paradigm and improved synergies will rely on new genomic resources. The sequencing of the A 
genome and the forthcoming B genome, and increased access to rapid and relatively low cost re-sequencing, offer 
such new opportunities. Genome analysis is now becoming a powerful tool for trait enhancement and more 
targeted breeding, like trait-bearing haplotypes.  
OBJECTIVES 
This concept note consists of three research work packages (WP): 
• WP1. Orientation towards adoption 
• WP2. Plantain-like cultivar breeding (including population improvement) 
• WP3. Breeding toolbox 
 
There will also be one support WP for governance, management, capacity building, communication and 
dissemination. 
Due to budget limitations some tasks will be postponed to the second phase like genetic transformation of diploids 
to produce useful diploids for cross breeding and for gene validation. 
The program will favour a strong integrated approach (figure below), whereby the population enhancement 
activities, breeding and selection approaches (Work package 2) will rely on a widened access to genetic resources 
and will benefit from the new tools and methodologies enabling targeted germplasm utilization (Work package 3), 
while enhancing variety adoption through participatory evaluation and selection (Work package 1). 
The specific objectives of the program are: 
1. To assess farmer’s priorities in selecting new cultivars and to provide guidance to plantain breeders on 
evaluating their breeding products accordingly, and to facilitate delivery of new hybrids (WP1 – Orientation 
towards adoption); 
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2. To strengthen conventional plantain breeding by the development and use of common and new tools in 
addition to the exchange of hybrids between breeding programs (WP2 – Plantain-like cultivar breeding and 
population improvement); 
3. To develop upstream phenotypic and genotypic techniques and data to improve the efficiency of 
conventional plantain breeding (WP3 – Breeding Toolbox). 
 
A framework for professionals engaged in Musa breeding-related research will be established to ensure that 
germplasm, methods, tools, knowledge and skills are efficiently transferred to end-users as well as ensuring that 
their development was effectively orientated to end-user needs. In addition, the framework will ensure systematic 
documentation of the delivery of these outputs for reports to stakeholders and development investors 
(Governance, Management, Capacity Building, Communication and Dissemination). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IMPACT 
Based on the Global Musa Priority Assessment (report available: http://www.rtb.cgiar.org/global-Musa-expert-
workshop-production-constraints-yield-gaps-and-research-strategies-for-smallholder-banana-production/), 
plantain hybrids are estimated to have an impact on over 10.3 million plantain consumers by 2040. In addition, the 
internal rate of return (IRR) has been calculated to be above 30% with a net present value (NPV) of USD 385 million 
towards the end of the fourth decade of this century. 
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INDICATORS 
• Database on farmer and consumer priorities shared amongst all partners 
• Lessons from the past regarding rates of adoption implemented in the project design 
• Alternative uses tested for existing hybrids  
• Electronic database of selected hybrids, their parentage and key characters shared amongst all partners 
• Standard Operating Procedures (SOPs) for phenotyping of key traits adopted by all partners 
• Selected hybrids shared between breeding programs (agreed specific number to be stated in full proposal) 
• New hybrids (diploids, triploids and tetraploids) bred (number and performance to be stated in full proposal) 
• Breeding values of hybrids shared amongst all partners 
• Collaborative breeding activities implemented in the project design  
• Integrated genotyping and phenotyping platform operational (specific performance targets in full proposal) 
• Rates of genetic gain accelerated year on year (specific performance targets in full proposal) 
• Capacity building by training new cadre of African researchers in Musa improvement through PhD education 
and research, and by upgrading skills or updating knowledge of active Musa staff in national programs 
• Impact of regional plantain network increased 
MAIN TARGET COUNTRIES FOR IMPACTS 
• West Africa: Côte d’Ivoire, Ghana, Nigeria  
• Central Africa: Cameroon, Democratic Republic of Congo 
• East Africa: Uganda 
• Potential spill overs (in Africa): Benin, Central African Republic, Gabon, Republic of Congo, Tanzania (incl. 
Zanzibar), Rwanda, Burundi 
• Potential spill overs (outside Africa): Brazil, China, India, Colombia, The Philippines 
 
 
WORK PACKAGES 
WP1. ORIENTATION TOWARDS ADOPTION 
Banana breeding programs have delivered a number of high-yielding cultivars with good resistance to pests and 
diseases. However, adoption and impact on local development and livelihoods has been low. Historically crop 
improvement programs have often focused on a single or a few economically important traits, such as yield or 
disease resistance. This approach fails to take into account other potentially important traits for which the 
economic value may be more difficult to assess, such as traits related to consumers preferences associated with 
taste, local recipes, cultural values, or the relative role of men and women in production, processing and 
marketing. In addition, farmers often lack information about new cultivars and their characteristics, in particular 
their performance under local conditions. Trying out a new technology, such as the introduction of a new cultivar, 
involves a risk for farmers, especially if that technology has not been tested under local conditions over multiple 
sites and seasons. Lack of access to new cultivars may be another reason for restricted adoption. Work Package 1 
will address these issues through a variety of approaches along the value chain with the final goal to optimize 
adoption rates for existing (short and medium term) and new (medium and long term) cultivars developed during 
the multi-center improvement program for plantain-like hybrids. 
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TASK 1. ASSESSMENT OF CONSUMER-DRIVEN TRAIT PREFERENCES FOR PLANTAIN-LIKE HYBRIDS (2-3 MONTHS) 
A comprehensive agronomic and physico-chemical review of plantains will be carried out, complemented by a 
socio-economic baseline study focused on quality traits in the target region, to help set the different priorities for 
plantain-like breeding. The review of agronomic, pest-and disease resistance and fruit quality traits will be based 
on existing literature and local knowledge. Reported consumption patterns of plantains at various stages of 
ripeness will be used to highlight local consumer preferences based on traditional recipes. Participatory rural 
appraisal tools will be used to document the needs and preferences of the different actors along the banana 
production and value chain, to achieve a better understanding of underlying factors that determine the value that 
farmers and consumers attribute to different traits, and the criteria that they use for adoption or rejection of 
cultivars. The results will be discussed in a workshop that brings together breeders, agronomists, geneticists, food 
technologists, anthropologists, farmers, consumers and other stakeholders. Through the joint selection and 
prioritization of quality and agronomic traits, a roadmap will be developed to guide the entire plantain breeding 
process and the monitoring of progress towards the achievement of the identified priorities and associated 
indicators. 
TASK 2. PARTICIPATORY CULTIVAR EVALUATION AND SELECTION (3-4 YEARS) 
A participatory varietal selection (PVS) program will be established for the evaluation of pre-selected hybrids based 
on their agronomic performance, reaction to biotic/abiotic stress, and consumer acceptance in the full range of 
expected end-user environments (defined in both environmental and socio-economic terms). This activity will 
initially focus on hybrids already available from breeding programs (Task 2A), and later include new hybrids as and 
when they become available during the project (Task 2B). Two types of trials will be run in parallel: on-station trials 
managed by researchers to gain accurate data on hybrid performance (‘mother’ trials) and on-farm trials to 
facilitate access to and testing of hybrids by end-users (‘baby’ trials). Important variables, such as agronomic 
performance and yield, will be measured using standardized methods. Sensory evaluations (of both raw and 
processed products) will be carried out with trained panellists, and physico-chemical and functional properties will 
be analysed according to established protocols. Both male and female farmers will be invited to visit the mother 
trials and rate the hybrids using a technique called preference analysis. This will be repeated at several points 
during the growing cycle and after harvest. Farmers will be able to select a subset of hybrids they would like to test 
in their own fields, based on their observation of plants growing in the mother trial. The criteria that they use for 
selecting (or not) a certain hybrid will be assessed and the information used to guide future breeding efforts. The 
baby trials are fully managed by the farmers (male and female) on their own farms, who will rate the performance 
of the new hybrids under their actual conditions and in comparison with their local checks. End-user preferences 
and the impact of the new hybrids on social relations will be assessed, and the socio-cultural traits and taste 
preferences will be linked with morphological and physicochemical fruit properties. 
TASK 3. LINKING UP WITH NEXT USERS ALONG THE BANANA PRODUCTION AND VALUE CHAIN (3-6 MONTHS) 
A desk study will be carried out to review ex-post impact assessment and adoption studies, with the aim to identify 
specific constraints to adoption in the local socio-economic context. Special attention will be given to the different 
roles, needs and preferences of men and women. This work package will further identify and link to important 
stakeholders (plantlet propagation units, extension agencies, local NGOs, etc.) that are involved in the release, 
large-scale distribution and rapid dissemination of farmer-preferred cultivars in the target region. 
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MILESTONES 
• Database of farmer and consumer preferences and prioritized traits used in design of selection programs of 
all partners (Month 3) 
• Definition of target region(s), with database of socio-economic indicators (needs and preferences of different 
actors along plantain value chain; consumption patterns linked to cultivar preferences and ripeness 
preferences; identification of critical points along the plantain value chain) (Month 6) used in design of ‘baby’ 
trials (Month 12) 
• Protocols (agronomic, processing ability, physico-chemical, functional characterization, sensory and hedonic 
tests) developed and partners trained (Month 6) and partner application evaluated, meta-analysis completed 
and necessary responses made (Months 12, 24, 36 and 48) 
• Existing hybrids evaluated for agronomic performance, reaction to biotic and abiotic stress, and post-harvest 
and taste characteristics in target end-user environment (Months 12, 24, 36 and 48) 
• Identification of specific constraints to adoption and impact on social relations within local socio-economic 
context and appropriate revision of project framework (Months 24, 36, 48 and 60)  
• Stakeholders for scaling up and scaling out mobilized (Months 24 and 36), evaluated and strategy refined 
(Months 48 and 60) 
 
PARTNERS 
CIRAD, Bioversity International, IITA, CARBAP, NUI Galway, NARS in Cameroon, Côte d’Ivoire, D.R. Congo, Ghana, 
Nigeria 
BUDGET 
US$ 2.5 million for 5 years, including baseline study and desk reviews, on-station trials with local partners, sensory 
evaluations, physico-chemical studies, equipment and supplies, training and stakeholder workshops, 4 MSc/PhD 
scholarships. 
 
WP2. PLANTAIN-LIKE HYBRID BREEDING AND POPULATION IMPROVEMENT 
Conventional plantain crossbreeding will be substantially augmented by the use of novel tools and approaches 
through joint activities and exchange of hybrids. Plantains are AAB triploids (3x). Breeding systems will be 
concomitantly implemented at three different ploidy levels (diploid, triploid and tetraploid) in an integrated 
scheme with the common goal of generating high yielding and resistant sterile triploid plantain(-like) hybrids with 
high consumer preferred quality traits. In essence, plantains will be first improved at the tetraploid level (4x) by 
making crosses with diploids and triploids (3x-2x and 3x-3x). Their intermediate products will then be further 
crossed in a second step with diploids in a 4x-2x scheme to produce triploid end-products. As the first and second 
step both involve the use as parents of improved diploids, there will also be a substantial emphasis on breeding at 
the diploid level through 2x-2x crosses.  
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TASK 1. CATALOGUE OF IMPROVED PARENTS AND FOR TARGETING BREEDING ENVIRONMENTS 
To substantially improve breeding efficiency and strengthen the collaborative effort as part of an international 
breeding programme on plantain, existing improved diploids and tetraploids will be catalogued for the first time, 
together with an inventory of seed set in plantain landraces as well as triploids producing haploid gametes and 
intermediate breeding lines. All breeding locations to be used in this project will be characterized for 
environmental parameters and correlations with seed set established. 
TASK 2. CHARACTERIZATION OF CURRENT PARENTAL LINES 
Diploid, triploid and tetraploid hybrids and parents will be phenotypically characterized over multiple sites, 
environments and seasons. They will also be genotyped with microsatellites, SNPs, and other high throughput 
genomic marker systems (based on genotype-by-sequencing or next generation sequencing). Genomic data will be 
assembled in a jointly accessible database together with pedigree and phenotype. Next, common protocols for 
hybrid selection will be agreed upon.  
The breeding value of improved 2x and 4x hybrids will be assessed and information shared via a common 
database. The best bred diploids will be made available to WP3 (Breeding toolbox) for further improvement by 
genetic engineering to facilitate the addition of one to three missing traits that are recalcitrant to conventional 
breeding approaches. 
TASK 3. DEVELOPMENT OF NEW PARENTAL LINES 
Population development and pre-bred material aimed at breeding more diverse plantain or plantain-like cultivars 
will entail recombination across a broader genetic base accessing broader phenotypic variability. A close 
monitoring of pedigrees will be applied. These new populations will be fed into the breeding process while building 
a database for recurrent improvement. This germplasm and related materials will be used in a combined analysis 
including  improved phenotyping (better precision, better throughput and better heritability). 
Plantains have integrated DNA sequences of Banana Streak Badnavirus (endogenous BSV which leads to episomal 
BSV) derived initially from the wild ancestral species Musa balbisiana. Spontaneous virus infection can be initiated 
de novo from these eBSV following biotic and abiotic stresses including crossbreeding and in vitro culture. 
Research will be conducted to identify and generate M. balbisiana accessions that do not produce the episomal-
BSV. Furthermore, 4x lines will be generated by chromosome doubling of selected cooking-type 2x cultivars and 
bred 2x (mainly plantain-derived primary and secondary 2x).  
TASK 4. CROSSING PARENTAL LINE 
Breeding programs will develop joint crossing schemes, exchange of their hybrids and task division. In the case of 
joint crossing schemes, and realizing the effect of the prevailing environment on breeding outcomes, germinating 
seeds will be cloned and exchanged to breeding partners to increase the progeny and increase multi-site 
evaluation.  
To accelerate and sustain genetic gains by using genomics-led breeding, programs will also jointly develop 
progenies that will be genotyped and phenotyped in different locations using agreed common standard evaluation 
protocols. 
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TASK 5. HYBRID SELECTION 
The best new 3x and 4x hybrids without infectious BSV alleles will be commonly selected by the breeding 
programmes according to a common multi-location assessment (on-station following the International Musa 
Testing Program (IMTP) model) and then made available to WP1 (Orientation towards adoption) for participatory 
evaluation and dissemination across the target region(s) in close partnership with national and local organizations 
(including farmers). Next, common protocols for hybrid selection will be agreed upon.  
MILESTONES 
• Characterization of climatic conditions of all partner breeding locations (Month 6) 
• Catalogue of improved and eBSV disarmed progenitors and seed fertile plantains from across all partners 
(Month 12) 
• Catalogue of triploids producing haploid gametes from across all partners (Month 24) 
• Joint breeding schemes and exchange of hybrids (Month 24) 
• Production and multiplication in vitro of a few progenies for phenotyping and genotyping (Month 24-60) 
• Joint testing of hybrids (Month 36) 
• Phenotypic and genotypic characterization of current parental lines in a joint electronic database (Month 48) 
• Identification and development of accessions with a ‘B’ genome without infectious eBSV (Month 60) 
PARTNERS  
IITA, CARBAP, CIRAD, EMBRAPA, NUI Galway, NARS in Africa, particularly Côte d’Ivoire, Ghana, Nigeria, Cameroon, 
Burundi, D.R. Congo, Rwanda, Tanzania  
BUDGET 
US$ 10 million for 5 years, including data collection and data base development/management on existing hybrids,  
next generation sequencing of hybrids and parental lines and bioinformatics pipeline and capability development,  
development of common protocols for hybrid selection (including those based on data from WP1), assessment of 
breeding value of hybrids (including development and refinement of genetic gain indicators), identification of plant 
germplasm without viruses, crossbreeding and exchange of breeding lines, multilocational selection, 10 PhD 
scholarships. 
WP3. BREEDING TOOLBOX 
The recent development of new tools in Musa genomics allows researchers to produce an unprecedented quantity 
and quality of molecular data; however, the overall adoption of genomic-assisted breeding is still very limited, 
largely due to the specificities of Musa genetics and poor knowledge on linking that information to the phenotype. 
However, there is also a need to create balanced and mutually dependent communication between breeders and 
molecular biologists. A careful designed process for the systemic integration of R&D on new technologies with 
existing breeding strategies (including provision of the necessary technical backstopping) will empower breeders in 
their efforts to design and select the best combinations of chromosome segments, genes and alleles available to 
meet farmers’ needs. Genotyping, high resolution genetic mapping and precise phenotyping of specific segregating 
populations can lead to the discovery of functional alleles that are associated with traits of interest or more 
generalized marker-assisted breeding strategies. This WP will focus on developing and applying new technologies 
to improve plantain breeding through the following six tasks:  
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TASK 1. BROADEN THE GENETIC BASE OF BREEDING PROGRAMS  
Optimal selection of parent material is fundamental. The genetic base used in current breeding programs is limited 
by germplasm fertility and hybridization barriers. Efforts to multiply and diversify crossing combinations and fully 
recombine the diversity of Musa germplasm will optimize the use of the gene pool used in breeding programs and 
will lead to more resilient and productive plantain cropping systems. Characterization of structural diversity 
including those of novel BSV integrants, should pinpoint constraints to genetic recombination and help unlock 
diversity and sources of new chromosomal segments, genes or alleles that contribute to specific traits. In addition, 
current molecular marker analyses do not properly show neither plantain diversity nor identify somaclonal 
variants, hence the need to embark on epigenetic studies. 
TASK 2. MOVING TOWARDS OMICS DATA INTEGRATION AND A Musa SYSTEMS BIOLOGY   
Next generation sequencing including reduced representation technologies will be utilized to create improved 
plantains via breeding. New genomic, transcriptomics, proteomics and metabolomics based breeding strategies, 
along with high-precision and high-throughput phenotyping (phenomics), and increased effective population sizes 
will enable faster exploitation of genetic diversity. The integrative biology approach will lead to the development 
of an interactive correlation network. This resource will provide an unprecedented insight across cellular 
regulation and associated core physiological processes. Elucidation of underlying biochemical and molecular 
mechanisms associated with traits of interest such as floral biology, and fruit development and ripening, will 
improve our understanding of seed fertility and production and key consumer traits. These networks and QTL 
studies can be used to identify candidate genes and allelic variants of interest delivering molecular markers to the 
breeders. 
TASK 3 – DEVELOP A CENTRAL PLATFORM FOR RESEARCH INTEGRATION 
Connecting research performed among partners requires sharing materials –e.g. for working on the same 
germplasm sample- and/or sharing haplotype description –e.g. for analysing the phenotypic effects of the same 
haplotypes-. The former requires a platform for multiplying reference material to be distributed among partners, 
essentially in vitro (embryo) culture. The latter requires mastership of pedigrees and sharing the same reference 
genotyping system, both cheap and efficient. 
TASK 4. UNDERSTANDING AND MOBILIZING TRAITS OF AGRICULTURAL INTEREST 
Populations from the plantain breeding programme will be the source to identify the genes or chromosome 
segments involved in important agricultural traits including fruit quality. This will also provide the link with other, 
more fundamental trait- and mechanism-oriented research projects, aimed at resolving genetic and epigenetic 
control of traits and their biological pathways as accessed from new genomic and metabolomics methods. In 
addition, to improve the rate of generation of new recombinants (variants) within breeding programs there is a 
need for a focus on the reproductive and seed biology of plantains to develop systems for overcoming crossability 
barriers that are hampering genetic progress via conventional breeding programs. 
TASK 5. DEVELOP BIOINFORMATICS TOOLS TO CAPITALIZE AND AID BREEDING EFFORTS 
Genomic and phenotypic large datasets will be made available to breeders through an integrated suite of 
databases, tools and information platforms. For instance, an array of such tools and databases is currently hosted 
by the SouthGreen Bioinformatics Platform. These tools can be further developed to include a more 
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comprehensive set of integrated omics data and made more accessible and adapted to Musa breeders’ needs. 
Most critically, technical backstopping expertise will be provided to Musa breeders to fast track mutual refinement 
of these resources and subsequent implementation. 
 
MILESTONES 
• Set of markers/genotyping system selected to genotype all materials used in the project (Month 12) 
• All material used in the project genotyped (Months 12 to 60) 
• A few segregation populations, multiplied and genotyped and made available to partners for precise 
characterization (Month 24-60) 
• Platform for research integration established (Month 24) 
• Descriptors developed specific to plantains to reduce confusion in plantain taxonomy and improve 
communication between breeders (Month 30) 
• Set of molecular markers to identify plantains (somaclonal variants) of most important value for breeding 
(Month 36) 
• Development of fertility and seed manipulation techniques for overcoming crossability barriers constraining 
plantain breeding (Month 48) 
• Omics tools for early mass screening of key traits (First results - Month 30) 
• Musa breeding data integrated to other databases (i.e. MGIS and Banana Genome Hub) for global access 
(Months 30 to 60) 
• Interactive correlation network associated with core physiological processes (Month 60) 
• Epigenetic study to understand the large plantain phenotypic diversity and somaclonal variation despite the 
low genetic variability (Month 60) 
PARTNERS 
CIRAD, RHUL, NUI Galway, KU Leuven, Bioversity International, IITA, CARBAP, NARO, EMBRAPA, GDAAS-China, 
UNB, Cornell, JCVI, WUR 
BUDGET 
US$ 8 million for 5 years, including characterization of structural diversity at the genomic level, identification of 
genes or chromosome segments linked agricultural traits, systems biology based on molecular research and 
phenotyping, floral and seed biology, and their integration to support cross breeding strategies, exploration of a 
broader genetic base, genetic engineering of diploids, development of a comprehensive set of integrated omics 
data are accessible to Musa breeders’ needs, 8 PhD scholarships. 
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WP4. GOVERNANCE, MANAGEMENT, CAPACITY BUILDING, COMMUNICATION AND 
DISSEMINATION 
PiP-SSA will put in place structures for governance (involving stakeholders), leadership and management as well as 
administrative services required to optimize the research and development effort. These will be designed to 
ensure the long-term project impacts, through embedding research planning and review in a users’ perspective 
forcing all in the research-for-development process into an adoption-orientated focus. These structures will also 
coordinate capacity building, communication and dissemination undertakings. 
The specific objectives are to: 
1. Provide strategic leadership to the whole PiP-SSA research-for-development effort including consultative 
processes with partners and stakeholders; 
2. Ensure that PiP-SSA progresses in conformity with the work plan as determined by the indicators, milestones 
and deliverables; 
3. Efficiently administer PiP-SSA following CGIAR procedures and guidelines from donor(s) on resources use; 
4. Give advice on the direction of PiP-SSA from the perspective of maximizing impact; 
5. Pursue a strategic approach to communications; 
6. Deliver capacity building, information management, knowledge sharing and germplasm (plus other product) 
exchanges. 
 
TASK 1. GOVERNANCE 
PIP-SSA Steering Committee (SC) provides the overall project oversight and is responsible for the project’s strategic 
direction and overall coordination of all activities. The SC consists of six members: Director of Research of CGIAR 
Centre with fiduciary responsibility for PIP-SSA, one representative from the Advanced Research Institute partners, 
two representatives from regional or national partners, one representative from stakeholder or ultimate end-user 
communities and the Director of CGIAR Research Program on Roots, Tubers and Bananas (or the Leader of its most 
relevant Cluster for PiP-SSA). If a contractual requirement of funding, one representative of the donor(s) may be 
added to the SC. The non-CGIAR members are elected in the annual PiP-SSA review and planning meeting among 
their respective constituency for one-year renewable term. The SC appoints the 3-member independent Science 
Advisory Group, which reviews project outputs twice a year and participates in the annual meeting.  
TASK 2. MANAGEMENT 
The Management Team (MT) includes a Project Leader (designated by CGIAR Centre with fiduciary responsibility) 
who also directly coordinates WP4, a Project Manager (solely dedicated to PiP-SSA), and the coordinators of WP1, 
WP2 and WP3. The MT works interactively, communicating regularly and meeting formally at least twice per year 
at different PiP-SSA locations to promote country engagements. The MT ensures a smooth operation of PiP-SSA, 
monitors progress, analyses results, identifies and resolves any arising risks and any potential delays. 
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TASK 3. LONG-TERM IMPACTS THROUGH CAPACITY BUILDING, COMMUNICATION, DISSEMINATION AND 
OUTPUT SHARING 
Building local and national capacity is an important component of PiP-SSA. It is, therefore, expected to train new 
PhD candidates through research projects designed to synergize with and across WP1, WP2 and WP3 and to 
engage in farmers’ field schools when needed. A visiting scholar scheme and group training program will also be 
pursued. It is important that efforts to deliver long-term impact are supported by lasting complete and public 
documentation of PiP-SSA. A website will be established and maintained throughout and beyond the lifespan of 
PiP-SSA. Research results from PiP-SSA will be published in the academic press to assure the quality, rigor and 
depth. The research products (bred-germplasm, tools, methods, and knowledge) ensuing from PiP-SSA will be 
shared following CGIAR guidelines on intellectual assets. 
 
MILESTONES 
• Setup of Steering Committee, Science Advisory Group and Management Team (within Month 1) 
• PiP-SSA website with full range of published material (Month 3 onwards) 
• PiP-SSA annual reports (Months 12, 24, 36, 48, 60) 
• PiP-SSA Annual General Meetings (Months 12, 24, 36, 48, 60) 
• Academic and other publications (Month 18 onwards) 
• PhD and MSc degrees granted for students research projects conducted in WP1 (n = 4), WP2 (n = 5) and WP3 
(n = 5-10) (Month 48 through 60 – including indicators associated with adoption of student research outputs) 
• PiP-SSA 5-year report for wide publication with all details (Month 60) 
 
PARTNERS 
All involved in implementing PiP-SSA plus key stakeholders (who will attend annual meeting and engage in 
consultative process(es) for adjusting the research-for-development agenda as PiP-SSA advances). Capacity 
building include leading universities already engaged in agricultural research for development such as WACCI/Univ. 
of Ghana in Legon, UniPort (Nigeria), KU Leuven (Belgium), NUI Galway (Ireland), SLU (Sweden), Cornell Univ. 
(USA), University of Dschang (Cameroon) among others that will be engaged in degree training on subjects within 
their area of expertise. 
BUDGET 
US$ 3.5 million for 5 years (items incl. staff costs for internationally recruited project manager and communication 
specialist and their nationally recruited support staff, operational budget for both, as well as for logistics of annual, 
SC and SAG meetings, web site, and PiP-SSA publications).  
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BUDGET 
A total of USD 24 million divided as indicated at the bottom of each WP. 
Some of the proposed activities are already ongoing. However this concept note is intended to reinforce ongoing 
activities, strengthen their output by adding more activities, but to create an international framework of real 
collaboration in breeding that survives beyond individuals. This concept note will be circulated to different 
potential donors and might thus lead to the development of several more detailed subprojects each covering 
specific work packages and/or objectives and under the leadership of different teams. 
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